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I would ‘liketo begin by acknowledging my colleagues whose results are

represented in the following, and who have helped in putting this pre-

sentation together. These investigators are listed in Fig. 1.

Fig. 2 outlines the organization of the whisker development program at

Los Alamos, Sample quantities of whiskers are required for cer~mic

matrix composite work and for supply of material used in whisker char-

acterization, Process modelling studies are being conducted, following

the day-to-day operatio~ of the futnace used for preparation of these

samples.

Extensive work is unde~way to characterize the starting properties of

the SiC whiskers, and the effect cf subsequent processing on their

strength. An important element of our wark is that devoted to process

scaleup. This latter work is focused on developing a fundamental under-

standing of the \’LSprocess as it is related to this particular mate-
rial.

The objectives of our ceramic matrix composites work are given in Fig,

3. High modulus fibers stiffel]lower modulus ceramics and also pr~vide

strengthening through load transfer. (Fig. 4), Major improvements in

fracture toughness as the result of crack deflection and/or fiber pull-

out are also expect~d from this approach, Investigations are being

carried out on giass-matr-x and hot-pressed silicon nitride matrix

composites and planned for reaction-bonded silicon nitride composites.

Fig. 5 shows the objectives a, , approaches of the SiC whisker mode;ling

studies, Right now we ar! looking at flow p~rrmeters such as the

Reynold’s Number (NRE) and tlie Grnshoff Number (NGR) to see if the

growth rate per unit area can be correlam:cdwith either of these, In

addition we model the chemical composition of the gases, growth temp-

eratl’re,and geomatric~l ~ffects on growth rate, and th~ morphology of

the product, Fig. 6 shows the effect of total gas flow, for one reactor

geometry, on growth rate, This trend was not always observed when the

geometry varied,



Fig. 7 summarizes measurements of whisker strength as a function of

length. The interesting result is that length has little effect above a

gaug~ length of ~ 5 mm. The low value of Weibull Modulus is a measure

of the scatter in the values of strength.

We are beginning some work to characterize the microstructure of as-

grown whiskers. John Porter of USC has made a preliminary examination

of some or the whisker types in the high voltage “(EM at 5erkeley.

Typical micrographs of one of the neeala types are shown ;n Fig 8.

Characteristic features are the longitudinal lines which appear to be

dislocations, possibly partial dislocations, as well as less typical

inclined features which may also be dislocations. The objective of this

work is to irlvcstigatethe grown-in substructure, and to look for fea-

tures which may be strength-limiting.

A series of experiments underway to investigate the effect of handling

on whisker properties is shown in Fig. 9. rhis series addresses the

possibility of dam~ge which would occur in both whisker and composize

processing operations,

Additional proce~sing and environmental concerns are discussed in Fig,
?0, Current procedure is to etch whiskers aftev harvesting to remove

the metal catalyst balls whi~:, are concomitant to the VLS process.

Strength tests before and after ~:tching have shown a miId strength

reduction which may be related tc chevron-like features which appear on

the whisker surface, In addition, preliminary results na’/esuggested a

reduction of strength after elevated temperature anneal. However,

examination of these whiskers have subsequently shown evidence of ap-

pendages associated with the break, hence suggesting the possibility

that whiskers sintered or interacted with other whiskers or impurities,

thus accounting for the loss of strength.

- The problem areas in the present process include low yields, mixed

whisker types, non-optimum reproducibility, and incomplete underrtandil:g

of the process variables which affect these other deficiencies. Clear-

ly, then, the route to scaling of the process must begin by carefully



investigating the’role of process variables in the yield,

phology, and process reproducibility. As given in Fig. 11,

beginnin!]by addressing the source materials and what we

“catalyst phenomenology.’i

whisker mor-

this work is

have termed

Figs. 12 and 13 show a series of reactions now used to give SiC as well

as some alternative sources to give the same product. Thermo-

dynamically, SiC14, SiH4, and CH3SiC13 are suited to the production of

Si. Additionally, SiC13 is available at low cost. The principal ob-

jective here is to see if we can independently and directly control the

gas composition, and by so-doing, improve the yield.

“Catalyst phenomenology” describes a series of experiments being carried

out to examine the relationship of the catalyst to the growth process,

as shown in Fi~. 14, Unknowns to be addressed include the following. An

incubation time for whisker growth is apparent from past work with this

process, This may result from operation of the Si source, the time for

saturation of the catalyst balls or from some other effect. Study of

nucleation events is important since it may be a route to more efficient

conversion of catalyst-balls to whiskers. Evidence for the impc~tance of

impurities on growth is

importance in controlli

rate is not known, nor

understood. Whiskers

similar runs. Finally,
ed between the whisker

available but indefinite. This subject may have

ng quality in manufacturing. The whisker growth

is the effect of pr~cess variables on this pate

of lengths differing by 10 times result from

although a definite size relationship is expect-

diameter and the size of the catalyst ball from

which it grows, we have no quantitative confirmation of this, Once

again, impurity effects may be very important here.

In summary, our whisker work involves preparation of whisker samples,

whisker characterization, and process scal~up. Sample whiskers are used

for composite preparation and for whisker characterization work, while

modelling of the production process is itself proving useful. The appro-

ach to scaleup recognizes the importance of a full understanding of the

process variables, Hence our work in this area is proceeding with

studies of the chemistry of the process gases and investigation of th~

growth mechanism.
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WHISKERSTRENGTHHAS BEEN UiARAC(ERIZED AS A FUNCTIONOF LENGTH
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Figurt 7
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Figure 9
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